Single factor asset pricing models face two m a j o r h urdles: the problematic time-series properties of the ex ante market risk premium and the inability of the risk measure to account for a substantial degree of the cross-sectional variation of expected excess returns. We provide an explanation for the rst failure using the following intuition: if investors know that the asset returns have conditional skewness at time t, the expected excess returns should include rewards for accepting skewness. We formalize this intuition with an asset pricing model which incorporates conditional skewness. We decompose the expected excess returns into components due to conditional variance and skewness. Our results show that conditional skewness is important and, when combined with the economy-wide reward for skewness, helps explain the time-variation of the ex ante market risk premiums. Conditional skewness has greater success in explaining the ex ante risk premium for the world portfolio than for the U.S. portfolio. e-mail addresses: charvey@mail.duke.edu and siddiqua@gunet.georgetown.edu.
Introduction
The behavior of the market risk premium in the Capital Asset Pricing Model (CAPM) of Sharpe (1964) and Lintner (1965) has come under scrutiny from two fronts. First, the evidence in Fama and French (1992) suggests that the estimated market risk premium is not di erent from zero. This implies that the systematic risk of the CAPM is not rewarded. Second, Boudoukh, Richardson and Smith (1993) present time-series evidence that the expected market risk premium is, at times, signi cantly less than zero. This implies that the market portfolio is on the negatively sloped portionofthe mean-variance frontier { a violation of one of the CAPM's restrictions.
Aside from the criticism related to the market risk premium, results from crosssectional tests of the single factor asset pricing model seem to indicate that the cross-asset variation in expected returns can not be explained by the market beta alone. For example, a numberof recent papers nd that \fundamental" factors, which are idiosyncratic in nature, account for a sizable portion of the cross-sectional variation in expected returns See Fama and French (1992) Chan, Hamao, and Lakonishok (1991) .] Harvey and Siddique (2000) nd that using conditional coskewness with the market can substantially mitigate the shortcomings of the single factor asset pricing model in explaining the cross-sectional variations in expected returns.
This study focuses on the time-series behavior of the risk premium. Our explanation for the time-series behavior of the market risk premium relies upon a single factor asset pricing model incorporating conditional skewness. This framework complements the crosssectional results in Harvey and Siddique (2000) .
Several important distinctions exist between our results and other recent work. In contrast to the usual beta-risk premium decomposition, we identify the risk factors in terms of the higher conditional moments such as the conditional covariance with the market and the conditional coskewness with the market. The second di erence is in our use of a conditional methodology. We explicitly assume that the investor's information set changes over time. Thus, we allow time-varying risk and prices of risk and capture the variation with economically meaningful instrumental variables.
The following is our intuition for including skewness in the asset pricing framework. In the usual setup, investors have preferences over the mean and the variance of portfolio returns. The systematic risk of a security is measured as the contribution to the variance of a well-diversi ed portfolio. However, there is considerable evidence that the returns distributions cannot beadequately characterized by mean and variance alone. This leads us to next moment { skewness. Given the statistical evidence of skewness in returns, it is reasonable to assume that investors have preferences for skewness. With a large positive skewness (high probability of a large positive return), the investors may be willing to hold a portfolio even if its expected return is negative. As we show later, this is still fully consistent with the Arrow-Pratt notion of risk aversion. Similarly, variation in skewness risk should also beimportant for the cross-section of assets.
Skewness may beimportant in investment decisions because of induced asymmetries in ex-post (realized) returns. At least two factors may induce asymmetries. First, the presence of limited liability in all equity i n vestments may induce option-like asymmetries in returns see Black (1976) , Christie (1982) and Nelson (1991) ]. Second, the agency problem may induce asymmetries in index returns see Brennan (1993) ]. That is, a manager has a call option with respect to the outcome of his investment strategies. Managers may prefer portfolios with high positive skewness.
We present an asset pricing model where skewness is priced. Our formulation is related to the seminal work of Kraus and Litzenberger (1976) and, more recently, to the nonlinear factor model presented in Bansal and Viswanathan (1993) . Our evidence documents signi cant time-variation in conditional skewness measures for boththe U.S. stock market and, a broader world market portfolio. We estimate the price of skewness risk and show that this asset pricing model can account f o r m uch of the time-series variation in the expected market risk premium. We also nd that this model helps explain many of the episodes of negative ex ante market risk premiums.
Our paper is organized as follows. In the second section, we use a general stochastic discount factor pricing framework to show how skewness can a ect the expected market risk premia. Our econometric methodology and tests are detailed in the third section. The data are described in this section as well. The empirical results for the market risk premium are described in the fourth section. The nal part o ers some concluding remarks.
Skewness in asset pricing theory
The rst-order condition for an investor holding a risky asset for one periodis:
(1) where (1 + R i t+1 ) i s the total return on asset i, m t+1 is the marginal rate of substitution of the investor between periods t and t + 1 , and t is the information set available to the investor at time t. m t+1 can beviewed as a pricing kernel or a stochastic discount factor that prices all risky asset payo s.
As shown in Harvey and Siddique (2000) , assuming a linear functional form for the marginal rate of substitution m t+1 = a t + b t R M t+1 (2) and the existence of a riskfree asset, we get the standard CAPM 
where lower case r represents returns of a conditionally riskfree return. In such a model, the expected excess returns of the risky assets are independent of the spanning weights a t and b t .
The expression for the market risk premium, however, does incorporate, the spanning weights since
where R f t+1 is one plus the conditionally riskfree rate of return. Thus, the expected market risk premium equals the conditional variance of the market return multiplied by the price of variance risk. The price of market variance risk is simply the spanning weight b t in ated by ;R f t+1 . Temporal variation in the price of variance risk comes from both R f t+1 and b t .
If we relate the discount factor to the marginal rate of substitution between periods t and t + 1 , a Taylor's series expansion allows us to make the following identi cation:
where o(W t ) is the remainder in the expansion and W t U 00 (W t ) U 0 (W t ) (which is ;b t in (2)) is relative r i s k a version. Then a t = 1 + o(W t ) and b t < 0. A negative b t implies that with an increase in next period'smarket return, the marginal rate of substitution declines. This decline in the marginal rate of substitution is consistent with decreasing marginal utility. This restriction implies that the expected market risk premium is positive. Even if we o n l y observe a proxy for the market, say portfolio r m t , a positive conditional covariance with the true market portfolio implies that the expected excess return on the proxy should also bepositive.
Departing from the standard approach and assuming that the stochastic discount factor is quadratic in the market return:
gives us a model where the expected excess return on the asset is determined by bothits conditional covariance with the market return and with the square of the market return (conditional coskewness 
This is the conditional version of the three-moment CAPM rst proposed by Kraus and Litzenberger(1976) who use a utility function de ned over the unconditional mean, standard deviation and the third root of skewness.
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Once again, the expected excess returns of the risky assets are independent of the spanning weights, a t , b t , and c t . Thus, if we test (5) for a cross-section of risky assets with an explicitly identi ed market portfolio, our tests cannot distinguish between di erent candidate pricing kernels with di erent spanning weights. Testing (5) alone also does not say a n ything about the expected market risk premium.
The expression for the expected market risk premium is E t r M t+1 ] = ;b t R f t+1 Var t r M t+1 ] ; c t R f t+1 Skew t r M t+1 ]:
Expanding, as before,the marginal rate of substitution in a power series gives
1 Kane (1977) shows that if the asset returns follow di usion processes, then meanvariance criterion is adequate only if continuous rebalancing is permitted. Therefore, without continuous rebalancing the moments of the discrete returns should include skewness as well. Also see Ingersoll (1990, pp. 199{201) for an alternative derivation for the unconditional three-moment CAPM. Sears and Wei (1985) also derive the unconditional market risk premium as the sum of the market prices of variance and skewness multiplied by the moments. Since the riskfree rate does not possess variance or skewness, we can use variance and skewness of either the total returns or excess returns. Then b t < 0 and c t > 0 since non-increasing absolute risk aversion implies U 000 > 0. According to Arrow (1964) , non-increasing absolute risk aversion is one of the essential properties for a risk-averse individual.
In the standard CAPM, the expected market risk premium is the product of the conditional variance and the price of variance. In the three-moment CAPM, the market return is also a function of the conditional skewness and the price of skewness. The intuition of a positive conditional covariance of the proxy and the true portfolio insuring that the expected excess return on the proxy is positive no longer follows. The expected excess return on the proxy can bepositive or negative. The sign will depend on the magnitude of conditional skewness and the time-series behavior of the price of skewness.
We are able to decompose the contributions of conditional variance and skewness to the expected market risk premium and the contributions of conditional covariance and coskewness to the expected excess return of a speci c asset. Alternative nonlinear frameworks such as Bansal and Viswanathan (1993) are unable to provide this decomposition. In addition, we are able to compute the prices of the various dimensions of risk represented by variance and skewness of the market return. This decomposition permits us to explain the time-series variation of the expected market risk premium and the cross-sectional variation in asset returns.
Econometric methodology
The formulation of the asset pricing model is very general in that it permits temporal variation in prices of variance and skewness risk as well as in the conditional moments themselves. The empirical estimation and tests of the model confront us with two problems. First, we need to distinguish between the time-varying prices of risk and the time-varying conditional moments. Second, we w ould like t o a void distributional assumptions about the conditional moments that do not come from the theory and may in fact con ict with it. Indeed, research has shown that the relation found between the conditional market risk premium and conditional variance may be largely a function of the speci cation chosen for the conditional moments. For example, Glosten, Jagannathan and Runkle (1993) report that using an asymmetric GARCH-M speci cation for conditional variance results in a positive relation between conditional risk premium and conditional variance whereas a regular 3 Non-increasing absolute risk aversion implies that its derivative should be less than or equal to 0. U 000 0 is a necessary condition to satisfy this. Also see Scott and Horvath (1980) for a discussion of the preference of moments beyond variance.
GARCH-M yields a negative relation. We rst document time-variation in the conditional moments using an explicitly chosen functional form for the conditional expectations. We also provide statistical tests. For example, we test whether conditional skewness is evident in the data.
For the test of the model itself, we pursue two econometric formulations. In the rst, we utilize the idea of Campbell (1987) , Harvey (1989) and Dumas and Solnik (1995) , where asset pricing restrictions can be tested without modelling the conditional higher moments. We use Hansen's (1982) generalized method of moments for the tests. We begin by testing the restrictions on the time-series variation in the expected market risk premium. We then add other assets and use this method in cross-sectional analysis. Our technique allows us to recover the tted prices of variance and skewness. To explain the temporal variation in the expected market risk premium, we also need the corresponding higher moments. Therefore, we then estimate conditional skewness and variance in a nonparametric framework that imposes very few distributional assumptions. We combine the prices of risk with the conditional skewness and variance to get the expected market risk premium implied by the asset pricing model. We e v aluate the relation between the statistically tted expected market risk premium and theoretically implied expected market risk premium. We also determine whether the addition of the conditional skewness and its time-varying price helps explain any of the negative ex ante risk premiums.
Ironically, the advantage of this rst formulation (avoiding moment speci cation) is also its disadvantage. Expected returns implied by asset pricing theory can only be obtained by combining the prices of risk with tted values for the higher moments from an ancillary, separate estimation. This motivates our second formulation. We jointly estimate the conditional mean, variance and skewness as well as the prices of variance and skewness in a conditional maximum likelihood framework. This requires us to choose explicit functional forms for conditional variance and skewness. While heavily parameterized, this model allows us to directly test whether the addition of skewness helps explain the negative risk premiums and avoids the two-step estimation problem. However, this estimation method is impractical for the large group of assets included in cross-sectional analysis. Hence, this method is used only for understanding the time-series variation in the market risk premium.
3.1 Prices of variance and skewness risk Campbell (1987) , Harvey (1989) and Dumas and Solnik (1995) propose models where restrictions can betested without specifying the variance dynamics. We extend this idea to skewness. Following Dumas and Solnik (1995) , de ne the unexpected relative shock to the marginal rate of substitution:
where E u t+1 j t ] = 0 : Using u t+1 in (1) to substitute for m t+1 and using the conditionally riskfree rate of return to obtain the excess return:
where the lower case r M t+1 is the excess market return (market risk premium) and upper case R M t+1 is the total market return. (9) and (10) impose restrictions on the conditional moments of the market risk premium. (10) should hold for excess returns of all other risky assets as well. We assume that the unexpected component of m t+1 is spanned by a quadratic function of the market return R M t+1 :
(11) where 1 t and 2 t are functions of period-t information set. Replacing u t+1 with this function in (10) gives us:
Comparing (12) to (7) tells us that 1 t and 2 t are the time-varying market prices for variance and skewness risks, respectively. These two formulations for the expected market risk premium are equivalent. They are respectively in terms of the central and non-central conditional moments of the total market return. For assets other than the market portfolio, equation (12) becomes:
The coskewness between the market and the asset j is measured as the covariance between R j t+1 and R where i are parameters in the prices of risk. These moment restrictions do not include any parameters for the conditional moments themselves. The inequality restrictions on the prices of risk are 1 t 0 and 2 t 0. Nonnegativity of m t+1 requires that u t+1 beless than 1. We test the unconditional moment restrictions using Hansen's the generalized method of moments (GMM). We estimate (14) with and without the inequality restrictions on the prices of risk. To impose the inequality restrictions, we use a quadratic speci cation for f 1 as square of a linear function, ( 0 1 Z t ) 2 , and f 2 as -1 multiplied by a quadratic speci cation, i.e. ;( 0
. In all cases we use a heteroskedasticity consistent variance-covariance matrix with a Parzen kernel. The minimized GMM criterion function multiplied by the number of observations is distributed as a 2 with degrees of freedom equal to the numberof overidentifying restrictions which equals the number of orthogonality conditions less the number of parameters. This is a speci cation test of the model.
Nonparametric estimation of conditional moments
The second stage of our estimation involves the conditional moments. For each of the returns, we need three moments. For the market portfolio proxy, w e need the conditional mean, variance and skewness. For the other asset returns, we need the conditional mean, covariance with the market, and coskewness with the market.
We rst examine the market risk premium. We document that the conditional moments of the market risk premium vary over time using linear speci cations. We then estimate the three conditional moments, mean, variance, and skewness without imposing a functional form. 4 We use nonparametric kernels to compute these conditional moments. The kernel method does not impose any distributional assumptions on the market risk premium or the instruments. The method locally approximates the unknown underlying conditional density (of the market risk premium conditioned on the instruments) using a weighted sum of the market risk premia. The function chosen for the weighting scheme is the kernel or basis function. The expressions for the three moments using the kernel method are:
where K ] is the multivariate kernel function and h is the bandwidth, di erent for each conditional moment. The bandwidth determines the number of observations that get a nonnegligible weight. We u s e t h e m ultivariate Gaussian kernel function with bandwidth chosen to be asymptotically optimal for a mean squared error criterion. Thus, the conditional mean of the market risk premium is formed as the weighted sum of all the market risk premia with the bandwidth determining which observations have non-negligible weights. For conditional variance and skewness, we a u g m e n t the instrument s e t , Z t , to include is in the spirit of a nonparametric ARCH(2) speci cation. 
Conditional maximum likelihood estimation
As an alternative to the two-stage methodology, we use conditional maximum likelihood estimation. Here, we assume explicit functional forms for the prices of risk and the dynamics of the conditional moment e v olutions. Then we impose the restrictions on the moments implied by the theory and estimate the parameters in a conditional maximum likelihood framework. This method allows us to avoid the problems of multistage estimation. There are more parameters to estimate in the likelihoodapproach. However, when the unique elements of the weighting matrix are considered, the numberofparameters to estimate in the GMM approach is in fact greater. This approach is feasible only for the market risk premium. The asset pricing model implies
To estimate the higher-order moments in (17), we assume that the expected market risk premium is linear in the instrumental variables.
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Conditional variance needs to be strictly positive. To insure the positivity, we compute the conditional standard deviation using the absolute residuals. For conditional standard deviations, we impose a GARCH(2,2) speci cation with instruments. The advantage of the GARCH speci cation is that it allows dependence on past conditional variances. For skewness (which in our de nition is not normalized by the standard deviation), we a l s o c hoose a GARCH(2,2) speci cation with instruments. However, we do not impose any restrictions on the signs of the parameters. 7 We assume the prices of variance and skewness risk are linear in the instruments. De ne 5 Pagan and Hong (1989) use a nonparametric ARCH speci cation for computing conditional variance. Also see Pagan and Schwert (1990) and Harvey (1991) . 6 The linearity of the expected market risk premium follows Gibbons and Ferson (1985) and Campbell (1987). 7 Our approach extends the generalized autoregressive conditional heteroskedasticity, GARCH, to include autoregressive conditional skewness, and autoregressive conditional kurtosis. For additional details on this methodology see Harvey and Siddique (1995) . (18) where ; is the gamma function and is the degrees of freedom of the t distribution. The choice of t distribution is motivated by the evidence that even after assuming a GARCH speci cation for conditional variance, the distribution of the residuals displays thick tails.
We also need to estimate the initial conditional variances and skewnesses, h 1 , h 2 , s 1 , and s 2 . Thus, the parameters to estimate are: = 1 2 h 1 h 2 s 1 s 2 ] 0 The parameters are obtained by maximizing the sample log-likelihood function.
We estimate the model with the inequality constraints (positive price of variance risk and negative price of skewness risk) as well as without the constraints. As in the GMMbased methodology, to impose positivity on the price of variance risk, we use the square of the linear function, ( 0 1 Z t ) 2 . To insure negativity of the price of skewness risk, we use ;1 multiplied by the square of the linear function, ;( 0 2 Z t ) 2 . To test whether skewness enters the asset pricing model, we also estimate the likelihood function (19) without skewness. This formulation of the model is equivalent to the standard CAPM. Twice the di erence of the two sample log-likelihoods (with and without skewness) is approximately distributed as a
Data and Summary Statistics
We u s e s e v eral di erent data sets. For understanding the time-series behavior of the market risk premium, we analyze three data sets. The rst is studied by Boudoukh, Richardson and Smith (1993) . These annual data include the historical U.S. stock market premium from . Second, we use the monthly U.S. data analyzed in Harvey (1989) . This data set is from September1941 to December1987 which we then update to September 1991. Finally, we examine the data presented in Harvey (1991) and updated by Ostdiek (1994) . These data measure world stock market returns at a monthly frequency from 1970{1992.
The Boudoukh, Richardson and Smith (1993) annual data derives from the market returns presented in Siegel (1990) . Three instrumental variables are constructed: the lagged short-term interest rate, the lagged dividend yield, and the lagged slope of the term structure (as measured by the di erence between long and short-term interest rates).
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In the Harvey (1989) data, the market portfolio return is the value-weighted NYSE index return from CRSP les. The instruments include: the lagged return on the equallyweighted NYSE index, the lagged yield spread between Moody's Aaa and Baa rated bonds, the lagged excess return on a three month Treasury bill, and the lagged excess U.S. dividend yield.
For the world data, the market return is Morgan Stanley Capital International world index. The instruments are: lagged world excess return, the lagged yield spread between Moody's Aaa and Baa rated bonds, the lagged excess return on a three month U.S. Treasury bill, and the lagged U.S. dividend yield. Table I presents the summary statistics for the three proxies for the market risk premium. The results show, that for both the U.S. and MSCI world portfolios, the ex-post market risk premium has been negative m uch more often than the statistically tted market risk premium. Using the a model that is linear in the instrumental variables, 3.2%, 25.8% and 32.7% of the statistically tted market risk premia are negative for the U.S. annual, U.S. monthly and world monthly returns respectively. The R 2 s measuring predictability o f the market risk premia are 6.3% for the annual U.S. data, 8.1% for the monthly U.S. and 9.8% for the world. Using the cross-validated adaptive k ernel this measure of predictability increases to 11.5% for the monthly U.S. and 12.4% for the world. However, for the annual series, the cross-validated adaptive kernel shows only a trace amount of predictability. With the nonparametric measure, the proportion of the statistically tted market risk premia that is negative declines. Nevertheless, 10.3% of the U.S. and 21.1% of the world statistically tted monthly market risk premia are still negative. This suggests that a potentially misspeci ed linear speci cation can not be blamed for the negativity of expected market risk premia.
For both of the monthly U.S. and world portfolios, the unconditional skewness is negative over the sample period. In contrast, the annual market risk premium displays positive unconditional skewness over the period . However, consistent with the monthly data, in the subperiod 1941-1990, the annual U.S. market risk premium has negative skewness.
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Figure 1 presents the tted market risk premiums from boththe OLS and nonparametric models. Generally, the OLS and nonparametric tted values look similar with a correlation between the two of 90% for the world portfolio and 84% for the U.S. portfolio. For the nonparametric analysis, we also present two standard error con dence bands for the tted values. For the monthly U.S. and world returns, the standard error bands con rm that a number of the tted values are negative. However, the standard error bands on the annual data are very large implying that there is little or no predictability in the returns given these instruments. This may be a result of the early data being approximated, poor quality of the instruments or a fundamental lack of predictability. Nevertheless, it does not make much sense to proceed with a model that attempts to explain the negative ex ante market risk premia with such large standard error bands. As a result, the rest of the paper concentrates on the evidence using monthly U.S. and world equity market returns.
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Previous studies documenting negativity of the expected market risk premia have largely used an explicit linear speci cation for the conditional mean. Hence, in the rest of the paper we use the the OLS-based mean as our statistical tted market risk premium. This re ects the crashes in the historical returns. 10 Boudoukh, Richardson, and Smith (1993) nd that they can not reject negativity of the expected market risk premia using the same data. Their results do not rely on predictability and they do not explicitly compute the expected market risk premia. However, one of our objectives is to explain the negativity of the expected market risk premia. For this purpose, we need to compute the expected market risk premia.
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We have computed all of the results using the non-parametric risk premiums which are available on request.
Results: market risk premium

Prices of risk and conditional moments: GMM results
The asset pricing model suggests that the variation in conditional market risk premium can beexplained by variation in the prices of risk and the conditional variance and skewness with the conditional skewness potentially accounting for the negative market risk premia. Thus, documenting the variation in the conditional moments needs to be the rst step. We propose the following tests for the variation of the conditional moments:
where as before the lower case represents the market risk premium (market return in excess of the riskfree rate of return) and the upper case is the total market return. We separately estimate each conditional moment in (19) using generalized methods of moments and present Wald tests of their time-variation. The results are shown in the panel B of Table I . For bothU.S. and world portfolios, the tests reject the null hypotheses that the market risk premium, variance and skewness are constant over time. When we consider subperiods for the U.S. portfolio, variabilities of both conditional skewness and conditional market risk premium have become more signi cant after 1970. For the world portfolio, skewness appears to be more signi cant than variance over the entire sample (which is from 1970) as well as in subperiods. Table II presents tests of the model in (14) using generalized method of moments. For each of the data sets, we have 18 orthogonality conditions and 15 parameters which produce 3 o veridentifying restrictions. With 171 unique elements in the weighting matrix, the saturation ratio is 2.98 for the U.S. and 1.48 for the world.
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Under the null hypothesis, that the model is correctly speci ed, the objective function multiplied by the numberof observations should be distributed as a 2 with 3 degrees of freedom. For the U.S. portfolio without constraints on prices of risk, the objective function of the model has a suspiciously 12 Saturation ratio is the numberof observations divided by the numberof parameters to estimate and the numberof unique elements in the weighting matrix. low v alue of 1.29 (p-value 0.73) . For the constrained model, with the price of variance risk constrained to bepositive and the price of skewness risk constrained to benegative, the objective function has a value of 1.46 (p-value 0.69). Therefore, the null hypothesis cannot be rejected in either case at 5% signi cance level. For the world portfolio, the unconstrained model with a 2 statistic of 0.44 produces a p-value of 0.93. The constrained model has a larger 2 statistic of 5.35 resulting in a p-value of 0.15. Thus, we do not reject the null hypothesis for the world portfolio either. In all the cases, our Wald tests on time-varying conditional skewness shows it to besigni cant.
As a diagnostic of the model, we also estimate a speci cation consistent with the standard CAPM, i.e. (14) with the price of variance risk alone. For boththe portfolios, the 2 for the overidentifying restrictions with variance risk alone has a substantially larger value than the 2 for overidentifying restrictions with both skewness and variance. These results, in Table II , con rm the importance of incorporating skewness in the asset pricing model.
Another diagnostic is provided by the estimates of u t+1 , the relative s h o c k (or forecast error) to the marginal rate of substitution. For a proper, i.e. strictly positive, marginal rate of substitution, u t+1 should be less than 1. Thus, estimates of u t+1 can gauge the economic reasonableness of di erent market proxies used for the marginal rates of substitution. For the U.S. portfolio without constraints on the prices of risk, the average estimated shock is very small. Imposition of the constraints causes the estimated shocks to often exceed 1. For the world portfolio, the average estimated shock is quite small with and without constraints. The constraints actually reduce the magnitude and variability of estimated shocks. Thus, constraints on prices of risk appear reasonable for the world portfolio but untenable for the U.S. portfolio in light of the unreasonably large estimates for the shocks to the marginal rate of substitution. So constrained estimation for the U.S. portfolio is not that useful.
Estimation of the model in (14) also yields the market prices of variance and skewness risk, 1 t and 2 t respectively . We test whether those prices of risk are constant o ver time with a likelihood ratio statistic. The statistic is T (g T ( R ) ; g T ( F )) where g T ( ) F and g T ( ) R are respectively the GMM objective functions for the full and nested models. The nested model is estimated with the same weighting matrix as the full model. For both the U.S. and world portfolios, the tests presented in table IIIreject the null hypothesis that the prices of variance and skewness risk are constant over time.
The price of variance risk is the market risk premium economic agents demand for an increase in conditional variance. Similarly, the price of skewness risk is the risk premium economic agents are willing to give up for an increase in conditional skewness. We examine how the prices of risk from the model behave in relation to the statistically tted market risk premium. For the constrained model using the U.S. portfolio, the statistically tted market risk premium has a correlation of 0.62 with price of variance risk and a correlation of -0.37 with the price of skewness risk. Thus, when expected market risk premium increases, price of variance risk rises but the price of skewness risk becomes more negative. For the constrained model using the world portfolio, correlation of the statistically tted market risk premium with the prices of variance and skewness risks are 0.83 and -0.08 respectively. For both the portfolios, imposition of constraints required by theory reduce the variability of the prices of risk. This e ect is particularly pronounced for the world portfolio. Next we estimate the conditional variance and skewness using the nonparametric kernel approach described in section 3.2.
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We then combine the prices of risk and the conditional moments to obtain the expected market risk premium implied by the asset pricing model. Figure 2 shows the implied market risk premium and the statistically tted market risk premium for the U.S. and the world portfolios. If the model is true and if we could ignore estimation and measurement errors, then the implied expected market risk premium should beidentical to the statistically tted market risk premium. Of course, this intuition also assumes that the statistically tted market risk premium is the true conditional mean of the market risk premium. We can not realistically expect these assumptions to hold. Nevertheless, the degree to which the dotted line (implied expected market risk premium) approximates the solid line (statistically tted expected market risk premium) heuristically indicates the relative success or failure of the asset pricing model in explaining the variation of the expected market risk premium for the two portfolios.
We nd that for both the portfolios, imposition of the constraints on the prices of risk implied by the asset pricing theory improves the degree of t between the statistically tted market risk premium and the implied expected market risk premium. The correlation increases from 0.23 to 0.33 for the U.S. and from 0.20 to 0.41 for the world portfolio. For the world portfolio in particular, the reduction of the large gyrations in the implied expected market risk premium becauseof the constraints is very noticeable in the panels C and D of gure 2. With the constraints imposed, the average annualized expected market risk 13 We have also analyzed the properties of the conditional moments such as smoothness as diagnostics for our estimation. premium for U.S. implied by the asset pricing model is 9.8% compared to the average annualized statistically tted market risk premium of 8.4%. For the world portfolio, the comparable numbers are 8.4% versus 5.1%. Thus, the asset pricing model has some success in explaining the variation of the expected market risk premia. The success is greater for the world portfolio. To check if the di ering sample periods are responsible for the di erence in performance, we compare the performance over the common period1970. 04 -1987.12 . In this period, the correlation between statistically tted expected market risk premium and the theoretically implied expected market risk premium is 0.41 for the world and only 0.06 for the U.S. portfolio.
Prices of risk and conditional moments: Maximum likelihood results
The generalized method of moments methodology has two drawbacks. First, we are compelled to use a two-step estimation procedure. Initially, we compute the prices of risk without having to make assumptions about the conditional moment dynamics. But when we compute the conditional moments, we can not impose the restrictions on them (the moments) implied by asset pricing theory. Second, the saturation ratios for the two portfolios are low. These drawbacks motivate our alternative estimation method. We model the conditional mean of the market risk premium using a linear speci cation. Then, we estimate the prices of risk and the higher conditional moments simultaneously in a conditional maximum likelihood framework using the residuals from the mean. Thus, the prices of risk and the corresponding higher conditional moments are estimated under the restrictions that arise from the theory.
The maximum likelihood results are presented in Table IV . For each of the portfolios, there are 31 parameters to estimate. The estimated degrees of freedom for the t-distribution in all four cases are approximately 3. This con rms the presence of thick tails in the residuals.
The average log-likelihood for each of the models summarizes its relative success in capturing the variation in the expected market risk premium. For both the portfolios, the average likelihood declines when constraints are imposed on the prices of risk. However, the decline is relatively small for the world portfolio. We also see that the average likelihood for the world portfolio is larger than for the U.S. portfolio, though the sample size is smaller for the world. Thus, it appears that the asset pricing model incorporating skewness is a better description for the world portfolio than for the U.S. portfolio. These results are consistent with what we found using GMM. Similar to our diagnostics for the GMM methodology, w e also estimate a model with variance alone that is equivalent to the standard CAPM. The results, also presented in Table IV , show that conditional skewness is signi cant for explaining the variation in the expected market risk premium for the U.S. and world portfolios. Those conclusions are not a ected by the imposition of positivity constraints. We also see that with variance alone the average likelihood declines much more precipitously for the world than for the U.S. This again con rms the greater importance of conditional skewness for the world portfolio.
The prices of risk along with estimated conditional variance and skewness are summarized in Table V . The U.S. portfolio displays substantially greater average skewness than the world portfolio. For the world portfolio, the imposition of constraints on the prices of risk reduces the variability of the conditional moments. The absolute magnitudes of the prices of risk are substantially less than those obtained from the GMM methodology. For the U.S. portfolio, the mean of the unconstrained price of variance risk is negative and mean of the price of skewness risk is positive. However, for the world portfolio, the average prices of risk for variance and skewness are respectively positive and negative. Thus, even without constraints, prices of risk for the world portfolio display the right signs.
Combining the prices of variance and skewness risk with conditional variance and skewness, we obtain expected market risk premium implied by the model for the two market portfolios. Figure 3 plots the expected market risk premium implied by the higher conditional moments (with constraints on the prices of risk) along with the statistically tted market risk premium. The plots show that for the model incorporating skewness is a much better t for the world portfolio than for the U.S. portfolio. With constraints on the prices of risk, the annualized average implied expected market risk premium for the U.S. is only 1.0% versus average statistically tted market risk premium of 8.4%. For the world the comparable numbers are 6.0% versus 5.1%. Thus, the constraints lead to unreasonable estimates for the U.S. portfolio. The gures also show that the implied expected market risk premium appears to approximate the statistically tted risk premium for the world much better than for the U.S. In fact, with constraints on prices of risk, the correlation between the two is 47% for the world and 0% for the U.S. This corroborates the results in Table IV that the average likelihood for the world portfolio return is higher than for the U.S. portfolio return. Thus, as we found in the GMM-based methodology, the asset pricing model is more successful in explaining the variation of the expected market risk premium for the world portfolio. As before, to check if the di ering sample periods are responsible for the di erence in performance, we compare the performance over the common period 1970.02 -1987.12 . Using the constrained prices of risk, the correlation between statistically tted expected market risk premium and the theoretically implied expected market risk premium over this periodis 47% for the world and 6% for the U.S. portfolio.
4.3 Can the negative ex ante market risk premium be explained
To understand whether the incidences of ex-ante negative market risk premium can be explained by skewness, we need to analyze the interactions of the prices of risk and the conditional moments. We consider two sets of periods, 1) when the statistically tted market risk premium is negative and 2) when the statistically tted market risk premium minus the expected market risk premium implied by conditional variance is negative. These are the periods of interest to us given that we a r e c hallenging the model to explain negative ex ante market risk premia. We can not expect any model to explain all these periods. However, the relative success for di erent models and di erent portfolios permits us to draw some conclusions. For these periods we compute the expected market risk premium implied by conditional skewness for boththe U.S. and world portfolios with the two econometric methodologies, GMM and conditional maximum likelihood.
14 Of the 554 months in the U.S. market portfolio sample, the statistically tted market risk premium is negative 143 times (25.8% of the months). For the world portfolio, we h a ve 275 months of data, of which 89 months (32.1%) show negative statistically tted market risk premiums. When we constrain the prices of risk in maximum likelihood estimation in accordance with the asset pricing theory, the market risk premium implied by skewness is negative for 71 of the 143 negative months for U.S. and 87 of the 89 negative months for the world. Using GMM methodology and constraints, these proportions are less impressive.
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The di erence between the statistically tted market risk premium and the expected market risk premium implied by conditional variance can be viewed as the part of the market risk premium attributable to skewness risk. Using maximum likelihood and constraints on prices of risk, the U.S. portfolio has negative di erence between statistically tted market risk premium and expected market risk premium implied by variance for 143 months (25.8% of the entire 554 month sample.) For the world, 128 months (46.6% 14 In an economy with single consumption good, the expected market risk premium can not benegative. For the existence of a negative expected market risk premium in a single factor model, non-traded sector of the economy is important.
of the 275 month sample) show such negativity. For the world, the expected market risk premium implied by s k ewness is negative for 125 or 99.2% of the 128 months. For the U.S. the comparable numberis 71 or 49.6% months out of 143. Using GMM, the performance of the asset pricing model in explaining the episodes of negativity i s m uch less impressive. But again, the performance is better for the world portfolio than the U.S. portfolio.
Thus, the results show that the hypothesis that conditional skewness explains the negativity of the expected market risk premium has greater validity for the world portfolio than the U.S. portfolio. Furthermore, when we constrain the prices of risk in accordance with asset pricing theory, the model is more successful. These results are consistent with our ndings in the previous sections showing that skewness itself is much more important for the world portfolio than the U.S. portfolio.
The dichotomy between the U.S. and world portfolios may be due to the di erent periodsover which the data is available. But this hypothesis is untenable in light of the signi cantly poorer performance of the model with conditional skewness in explaining the time-series variation of the expected market risk premium for the U.S. than for the world portfolio when data over the same period are used. Thus, there could bea fundamental di erence between the two portfolios. Our tests should hold true for a valid proxy for the market portfolio. Given the degree of integration in international capital markets and increasingly unimpeded ow of capital across borders, the world portfolio should be a better proxy for the market. The U.S. portfolio is only a component of the world portfolio.
Extensions
The model and results presented in this paper have two interesting extensions. For both U.S. and world portfolios, the unconditional skewness has been negative over the periods considered. Since the price of skewness should be negative, the implied risk premium from skewness should bepositive as well. Hence, the implied market risk premium from variance and skewness should be higher than from variance alone for a large number of the periods. This has the potential of explaining the equity market risk premium puzzle {the fact that unconditionally the equity market risk premium is higher than what one should expect from variance alone. Finally, the model and results of this paper will also have implications for asset allocation and portfolio analysis. Instead of analyzing asset returns in a conditional mean-variance framework, a richer conditional mean-variance-skewness framework may beemployed.
Conclusions
Recent research has found evidence against the single factor asset pricing model. The evidence on the time-series properties of the market risk premium seems to suggest that the expected market risk premium is signi cantly negative in some states of the world. Cross-sectional tests of the single factor asset pricing model have shown that systematic risk as measured by the covariance (or the beta) with the market does not explain all of the cross-sectional variation in expected excess returns. We provide a possible explanation for these departures from the single factor asset pricing model. Our intuition is that if investors know that the asset returns have conditional skewness at time t, excess asset returns should include a component attributable to conditional skewness. Our asset pricing model formalizes this intuition by incorporating conditional skewness. This model can explain much of the time-series variation in the expected market risk premium.
We estimate this model for the U.S. and world portfolios using two methodologies. The rst is a generalized method of moments methodology that does not require moment speci cations for the portfolio returns. The second is a conditional maximum likelihood methodology that fully speci es the time-varying prices of risk and the dynamics of the conditional moments. Our results show that conditional skewness is important and, when combined with the time varying price of skewness, explains some of the negative ex ante market risk premiums. Skewness is more important for the world market risk premium. Thus, for a model that requires us to specify a market portfolio, the world portfolio appears to bea better proxy for the market. Consistent with this nding, the asset pricing model with conditional skewness has greater success in explaining the negativity of the expected market risk premium for the world portfolio. 1907 1915 1923 1931 1939 1947 1955 1963 1971 1979 1987 
